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1. 

SEMCONDUCTOR LIGHT EMITTING 
DEVICE AND METHOD FOR 
MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the benefit of 
priority from Japanese Patent Application No. 2012-067429, 
filed on Mar. 23, 2012, and Japanese Patent Application No. 
2012-202760, filed on Sep. 14, 2012; the entire contents of 
all of which are incorporated herein by reference. 

FIELD 

Embodiments described herein relate generally to a semi 
conductor light emitting device and a method for manufac 
turing the same. 

BACKGROUND 

There is known a method for manufacturing a semicon 
ductor light emitting device in which a semiconductor layer 
including a light emitting layer, electrodes and the like are 
formed on a Substrate, and then the semiconductor layer is 
separated into a plurality on the substrate (on the wafer 
level). 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic sectional view of a semiconductor 
light emitting device of a first embodiment; 

FIGS. 2A to 6C are schematic sectional views showing a 
method for manufacturing of the semiconductor light emit 
ting device of the first embodiment; 

FIGS. 7A and 7B are schematic plan views showing the 
method for manufacturing of the semiconductor light emit 
ting device of the first embodiment; 

FIGS. 8A, 8B and 9 are schematic sectional views of 
another example of the semiconductor light emitting device 
of the first embodiment; 

FIGS. 10A to 10D are schematic sectional views showing 
a method for manufacturing of a semiconductor light emit 
ting device of a comparative example: 

FIG. 11 is a schematic sectional view of a semiconductor 
light emitting device of a second embodiment; 

FIGS. 12A and 12B are schematic plan views of the 
semiconductor light emitting device of the second embodi 
ment, 

FIG. 13 is an enlarged sectional view taken along line 
A-A' in FIG. 12A; 

FIGS. 14 to 17 are schematic sectional views showing a 
method for manufacturing of the semiconductor light emit 
ting device of the second embodiment; 

FIGS. 18A and 18B are schematic plan views of another 
example of the semiconductor light emitting device of the 
second embodiment; 

FIG. 19 is an enlarged sectional view taken along line 
A-A' in FIG. 18A: 

FIGS. 20 to 23 are schematic sectional views showing a 
method for manufacturing of a semiconductor light emitting 
device of another example of the second embodiment; 

FIG. 24 is a schematic plan view of the other example of 
the semiconductor light emitting device of the second 
embodiment; 
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2 
FIG. 25 is a schematic sectional view of a structure in 

which an adhesion layer 81 is provided in the semiconductor 
light emitting device of FIG. 1; 

FIG. 26 is a schematic sectional view of a structure in 
which an adhesion layer 81 is provided in the semiconductor 
light emitting device of FIG. 9; 

FIG. 27 is a schematic sectional view of a structure in 
which an adhesion layer 81 is provided in the semiconductor 
light emitting device of FIG. 13; and 

FIG. 28 is a schematic sectional view of a structure in 
which an adhesion layer 81 is provided in the semiconductor 
light emitting device of FIG. 19. 

DETAILED DESCRIPTION 

According to one embodiment, a semiconductor light 
emitting device includes a semiconductor layer, a p-side 
electrode, an n-side electrode, an insulating film, a p-side 
interconnection section, an n-side interconnection section, a 
phosphor layer, and a metal film. The semiconductor layer is 
formed on a substrate which is then removed. The semicon 
ductor layer includes a first Surface, a second Surface oppo 
site to the first surface, a side surface continued to the first 
Surface, and a light emitting layer. The p-side electrode is 
provided on the second Surface in a region including the 
light emitting layer. The n-side electrode is provided on the 
second Surface in a region not including the light emitting 
layer. The insulating film covers the p-side electrode and the 
n-side electrode. The p-side interconnection section is pro 
vided on the insulating film and electrically connected to the 
p-side electrode through a p-side via penetrating through the 
insulating film. The n-side interconnection section is pro 
vided on the insulating film and electrically connected to the 
n-side electrode through an n-side via penetrating through 
the insulating film. The phosphor layer is provided on the 
first Surface and includes a step portion continued to the side 
surface of the semiconductor layer. The metal film is pro 
vided on the side surface of the semiconductor layer and a 
side surface of the step portion of the phosphor layer. 

Embodiments will now be described with reference to the 
drawings. In the drawings, like elements are labeled with 
like reference numerals. 
(First Embodiment) 

FIG. 1 is a schematic sectional view of a semiconductor 
light emitting device of a first embodiment. 
The semiconductor light emitting device of the first 

embodiment includes a semiconductor layer 15. The semi 
conductor layer 15 has a first surface 15a and a second 
Surface formed on the opposite side therefrom. Light is 
emitted outside primarily from the first surface 15a (top 
surface in FIG. 1) of the semiconductor layer 15. A p-side 
electrode 13 and an n-side electrode 14 are provided on the 
second surface of the semiconductor layer 15. 
The semiconductor layer 15 includes a first semiconduc 

tor layer 11 and a second semiconductor layer 12. The first 
semiconductor layer 11 and the second semiconductor layer 
12 are made of e.g. a material containing gallium nitride. 
The first semiconductor layer 11 includes e.g. an n-type 
layer functioning as a lateral path of current. The second 
semiconductor layer 12 includes a p-type layer and a light 
emitting layer (active layer) 12a. 
The second surface of the semiconductor layer 15 is 

processed into an uneven shape, and part of the light 
emitting layer 12a is removed. Thus, the second Surface of 
the semiconductor layer 15 includes an emitting region 3 
including the light emitting layer 12a (or opposed to the light 
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emitting layer 12a), and a non-emitting region 4 not includ 
ing the light emitting layer 12a (or not opposed to the light 
emitting layer 12a). 
The p-side electrode 13 is provided on the emitting region 

3 of the second surface. The n-side electrode 14 is provided 
on the non-emitting region 4 of the second Surface. In the 
second surface, the area of the emitting region 3 is larger 
than the area of the non-emitting region 4. The area of the 
p-side electrode 13 extending on the second Surface (emit 
ting region 3) is larger than the area of the n-side electrode 
14 extending on the second Surface (non-emitting region 4). 
An insulating film 31 is provided on the side surface of the 

semiconductor layer 15. The insulating film 31 is provided 
also on the portion of the second surface where the p-side 
electrode 13 and the n-side electrode 14 are not provided. 
Furthermore, the insulating film 31 is provided also on the 
step difference portion between the emitting region 3 and the 
non-emitting region 4. The insulating film 31 is an inorganic 
insulating film Such as silicon oxide film and silicon nitride 
film. 
The p-side electrode 13 is covered with a p-side pad 16. 

The n-side electrode 14 is covered with an n-side pad 17. 
The p-side pad 16 and the n-side pad 17 are made of metal 
material and function for electrode protection and as a 
reflection layer. 
On the second Surface side, a first insulating layer (here 

inafter simply referred to as insulating layer) 32 is further 
provided. The insulating layer 32 covers the insulating film 
31, part of the p-side pad 16, and part of the n-side pad 17. 
The insulating film 31 and the insulating layer 32 are not 
provided on the first surface 15a. 

The side surface of the semiconductor layer 15 continued 
from the first surface 15a is covered with the insulating film 
31 and the insulating layer32. In conjunction with the resin 
layer 33 described later, the insulating layer 32 forms a side 
Surface of the semiconductor light emitting device. 
The insulating layer 32 is made of e.g. a resin Such as 

polyimide having high patternability for fine openings. 
Alternatively, the insulating layer 32 can be made of inor 
ganic material Such as silicon oxide and silicon nitride. 

In the insulating layer 32, a plurality of first openings 32a 
reaching the p-side pad 16 and a second opening 32b 
reaching the n-side pad 17 are formed. 
On the insulating layer 32, a p-side interconnection layer 

18 and an n-side interconnection layer 19 are provided and 
spaced from each other. The p-side interconnection layer 18 
is provided also in the first opening 32a and electrically 
connected to the p-side pad 16 and the p-side electrode 13. 
The n-side interconnection layer 19 is provided also in the 
second opening 32b and electrically connected to the n-side 
pad 17 and the n-side electrode 14. 
On the surface of the p-side interconnection layer 18 on 

the opposite side from the semiconductor layer 15, a p-side 
metal pillar 21 is provided. The p-side metal pillar 21 is 
thicker than the p-side interconnection layer 18. The p-side 
interconnection layer 18 and the p-side metal pillar 21 
constitute a p-side interconnection section in the embodi 
ment. 

On the surface of the n-side interconnection layer 19 on 
the opposite side from the semiconductor layer 15, an n-side 
metal pillar 22 is provided. The n-side metal pillar 22 is 
thicker than the n-side interconnection layer 19. The n-side 
interconnection layer 19 and the n-side metal pillar 22 
constitute an n-side interconnection section in the embodi 
ment. 
On the insulating layer 32, a resin layer 33 is provided as 

a second insulating layer. The resin layer 33 covers the 
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4 
periphery of the p-side interconnection section and the 
periphery of the n-side interconnection section. 
The surface of the p-side interconnection layer 18 except 

the surface connected to the p-side metal pillar 21, and the 
surface of the n-side interconnection layer 19 except the 
Surface connected to the n-side metal pillar 22, are covered 
with the resin layer 33. Furthermore, the resin layer 33 is 
provided between the p-side metal pillar 21 and the n-side 
metal pillar 22, and covers the side surface of the p-side 
metal pillar 21 and the side surface of the n-side metal pillar 
22. The resin layer 33 is filled in between the p-side metal 
pillar 21 and the n-side metal pillar 22. 
The surface of the p-side metal pillar 21 on the opposite 

side from the p-side interconnection layer 18 is not covered 
with the resin layer 33 but exposed, and functions as a p-side 
external terminal 21a to be bonded to a mounting Substrate. 
The surface of the n-side metal pillar 22 on the opposite side 
from the n-side interconnection layer 19 is not covered with 
the resin layer 33 but exposed, and functions as an n-side 
external terminal 22a to be bonded to the mounting sub 
Strate. 

Each thickness of the p-side interconnection section, the 
n-side interconnection section, and the resin layer 33 is 
thicker than the thickness of the semiconductor layer 15. 
Here, the aspect ratio (the ratio of thickness to planar size) 
of the p-side metal pillar 21 and the n-side metal pillar 22 is 
not limited to 1 or more, but may be less than 1. 
The p-side metal pillar 21, the n-side metal pillar 22, and 

the resin layer 33 reinforcing them function as a Support 
body for the semiconductor layer 15. Thus, even if the 
substrate used to form the semiconductor layer 15 is 
removed as described later, the support body including the 
p-side metal pillar 21, the n-side metal pillar 22, and the 
resin layer 33 can stably support the semiconductor layer 15 
and increase the mechanical strength of the semiconductor 
light emitting device. 

Furthermore, in the state of the semiconductor light 
emitting device mounted on the mounting Substrate, the 
stress applied to the semiconductor layer 15 can be absorbed 
and relaxed by the p-side metal pillar 21 and the n-side metal 
pillar 22. 
The p-side interconnection section including the p-side 

interconnection layer 18 and the p-side metal pillar 21 is 
connected to the p-side pad 16 through a plurality of Vias 
provided in the plurality of first openings 32a and separated 
from each other. Thus, high stress relaxation effect is 
achieved by the p-side interconnection section. 

Alternatively, as shown in FIG. 9, the p-side interconnec 
tion layer 18 may be connected to the p-side pad 16 through 
one large first opening 32a. In this case, heat dissipation of 
the light emitting layer 12a can be improved through the 
p-side electrode 13, the p-side pad 16, the p-side intercon 
nection layer 18, and the p-side metal pillar 21, all made of 
metal. 
The material of the p-side interconnection layer 18, the 

n-side interconnection layer 19, the p-side metal pillar 21, 
and the n-side metal pillar 22 can be e.g. copper, gold, 
nickel, or silver. Among them, copper achieves good thermal 
conductivity, high migration resistance, and good adhesive 
ness to insulating material. 

Preferably, the thermal expansion coefficient of the resin 
layer 33 is equal or close to that of the mounting substrate. 
Such a resin layer can be made of e.g. epoxy resin, silicone 
resin, or fluororesin. 
The first semiconductor layer 11 is electrically connected 

to the n-side metal pillar 22 including the n-side external 
terminal 22a through the n-side electrode 14, the n-side pad 
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17, and the n-side interconnection layer 19. The second 
semiconductor layer 12 including the light emitting layer 
12a is electrically connected to the p-side metal pillar 21 
including the p-side external terminal 21a through the p-side 
electrode 13, the p-side pad 16, and the p-side interconnec 
tion layer 18. 

Part of the n-side interconnection layer 19 overlaps the 
portion of the insulating layer 32 opposed to the light 
emitting layer 12a. The area of the n-side interconnection 
layer 19 extending on the insulating layer 32 is larger than 
the area of the n-side interconnection layer 19 connected to 
the n-side pad 17. 

According to the embodiment, high optical output can be 
obtained by the light emitting layer 12a formed over a larger 
region than the n-side electrode 14. Furthermore, the 
embodiment can realize a structure in which the n-side 
electrode 14 provided on the non-emitting region 4 not 
including the light emitting layer 12a and being Smaller than 
the emitting region 3 is rearranged on the mounting Surface 
side as an n-side interconnection layer 19 having a larger 
area than the n-side electrode 14. 
The area of the p-side interconnection layer 18 connected 

to the p-side pad 16 through the plurality of first openings 
32a is larger than the area of the n-side interconnection layer 
19 connected to the n-side pad 17 through the second 
opening 32b. This improves the distribution of current to the 
light emitting layer 12a, and can improve the dissipation of 
heat generated in the light emitting layer 12a. 
On the first surface 15a of the semiconductor layer 15, a 

phosphor layer 40 is provided. The phosphor layer 40 
includes phosphor particles capable of absorbing emission 
light (excitation light) from the light emitting layer 12a and 
emitting wavelength converted light. The phosphor particles 
are dispersed in a transparent resin transparent to the light 
from the light emitting layer 12a and the wavelength con 
verted light of the phosphor particles. The semiconductor 
light emitting device of the embodiment can emit mixed 
light of the light from the light emitting layer 12a and the 
wavelength converted light of the phosphor particles. 

For instance, the phosphor particle can be a yellow 
phosphor particle emitting yellow light. Then, for instance, 
white color or light bulb color can be obtained as a mixed 
color of blue light from the light emitting layer 12a made of 
GaN-based material and yellow light being the wavelength 
converted light of the phosphor layer 40. 
The phosphor layer can be a red phosphor layer, yellow 

phosphor layer, green phosphor layer, or blue phosphor layer 
illustrated below. 
The red phosphor layer can contain e.g. nitride-based 

phosphor CaAlSiN:Eu or SiAlON-based phosphor. 
In particular, the SiAlON-based phosphor represented by 

the following composition formula (1) can be used. 

(M1-R) 1AlSiON1 (1) 

(M is at least one metallic element except Si and Al, and 
preferably at least one of Ca and Sr in particular. R is an 
emission center element, and preferably Eu in particular. X, 
a1, b1, c1, and d1 satisfy the following relations: 0<xs1, 
0.6<a1<0.95, 2<b1<3.9, 0.25<c1<0.45, and 4<d 1<5.7.) 
By using the SiAlON-based phosphor represented by 

composition formula (1), the temperature characteristics of 
the wavelength conversion efficiency are improved. Thus, 
the efficiency in the high current density region can be 
further improved. 
The yellow phosphor layer can contain e.g. silicate-based 

phosphor (Sr, Ca.Ba)SiO:Eu. 
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6 
The green phosphor layer can contain e.g. halophosphate 

based phosphor (Ba,Ca,Mg)(PO)Cl:Eu or SiAlON 
based phosphor. 

In particular, the SiAlON-based phosphor represented by 
the following composition formula (2) can be used. 

(M is at least one metallic element except Si and Al, and 
preferably at least one of Ca and Sr in particular. R is an 
emission center element, and preferably Eu in particular. X, 
a2, b2, c2, and d2 satisfy the following relations: 0<xs1, 
0.93<a2<1.3, 4.0<b2<5.8, 0.6-c2<1, and 6<d2<11.) 
By using the SiAlON-based phosphor represented by 

composition formula (2), the temperature characteristics of 
the wavelength conversion efficiency are improved. Thus, 
the efficiency in the high current density region can be 
further improved. 
The blue phosphor layer can contain e.g. oxide-based 

phosphor BaMgAloO7:Eu. 
Furthermore, as shown in FIG. 25, on the first surface 15a 

of the semiconductor layer 15, fine unevenness may be 
formed to improve the light extraction efficiency. An adhe 
sion layer 81 is provided between the first surface 15a and 
the phosphor layer 40. The adhesion layer 81 is formed 
conformally along the unevenness of the first surface 15a. 
The adhesion layer 81 is thinner than the phosphor layer 40. 
The adhesion layer 81 is transparent to the emission light of 
the light emitting layer 12a. 

Also in the structure shown in FIG.9 described above, as 
shown in FIG. 26, an adhesion layer 81 may be provided 
between the first surface 15a of the semiconductor layer 15 
and the phosphor layer 40. 
The adhesion layer 81 includes e.g. at least one of silicon 

oxide film (SiO film), silicon nitride film (SiN film), glass 
film formed by the spin coating method (SOG (spin on glass) 
film), silicon oxynitride film (SiON film), silicon carbide 
film (SiC film), and carbon-containing silicon oxide film 
(SiOC film). 
The adhesion layer 81 has higher adhesive force to the 

phosphor layer 40 than the semiconductor layer 15. That is, 
the force required to peel the phosphor layer 40 bonded to 
the adhesion layer 81 from the adhesion layer 81 is larger 
than the force required to peel the phosphor layer 40 bonded 
to the semiconductor layer 15 from the semiconductor layer 
15. Because the adhesion layer 81 has higher adhesive force 
to the phosphor layer 40 than the semiconductor layer 15, 
peeling of the phosphor layer 40 from the semiconductor 
layer 15 is prevented. Thus, the reliability can be improved. 

Next, with reference to FIGS. 2A to 7B, a method for 
manufacturing a semiconductor light emitting device of the 
first embodiment is described. 

FIG. 2A shows a cross section of a wafer in which a 
sacrificial layer 51 and a resist film 61 are formed on the 
major surface of a substrate 10. For instance, the substrate 10 
is a silicon substrate. The sacrificial layer 51 is a silicon 
oxide film. Alternatively, the sacrificial layer 51 may be a 
silicon nitride film. 

Light exposure and development are performed on the 
resist film 61. Thus, as shown in FIG. 2B, the resist film 61 
is patterned. Using the resist film 61 as a mask, the sacrificial 
layer 51 is processed as shown in FIG. 2C. The sacrificial 
layer 51 is etched by e.g. the RIE (reactive ion etching) 
method. After the sacrificial layer 51 is processed, the resist 
film 61 is removed as shown in FIG. 2D. 

Here, FIG. 7A corresponds to the top view of FIG. 2D. 
The sacrificial layer 51 is formed in e.g. a lattice planar 

pattern on the wafer surface. The sacrificial layer 51 is 
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formed in e.g. a planar pattern continuously Surrounding the 
device region 52 of the substrate 10 where the sacrificial 
layer 51 is not formed. For instance, FIG. 7A shows a device 
region 52 having a rectangular planar shape. However, the 
planar shape of the device region 52 is not limited to being 
rectangular. 
The sacrificial layer 51 is formed in e.g. a lattice shape on 

the substrate 10. On the device region 52 of the substrate 10 
where the sacrificial layer 51 is not formed, a semiconductor 
layer 15 is formed as shown in FIG. 3A. 

For instance, a semiconductor layer 15 made of gallium 
nitride-based material is epitaxially grown on the Substrate 
10 by the MOCVD (metal organic chemical vapor deposi 
tion) method. The semiconductor layer 15 is epitaxially 
grown only on the surface of the device region 52 where the 
surface of the substrate 10 is not covered with the sacrificial 
layer 51 but exposed. 
The sacrificial layer 51 being a silicon oxide film or 

silicon nitride film can withstand the temperature during the 
step of epitaxially growing the semiconductor layer 15. 

If the sacrificial layer 51 is an organic film, the sacrificial 
layer 51 may be decomposed and eliminated during the step 
of epitaxially growing the semiconductor layer 15. Further 
more, the decomposition product of the organic film may 
hamper the epitaxial growth of the semiconductor layer 15 
or cause dust. 
A first semiconductor layer 11 is formed on the major 

surface of the substrate 10. A second semiconductor layer 12 
is formed on the first semiconductor layer 11. The first 
semiconductor layer 11 includes e.g. an underlying buffer 
layer and an n-type GaN layer. The second semiconductor 
layer 12 includes e.g. a light emitting layer 12a and a p-type 
GaN layer. The light emitting layer 12a can be a layer 
emitting e.g. blue, violet, blue-violet, near ultraviolet, or 
ultraviolet light. 

The film thickness of the semiconductor layer 15 is 
controlled so as to be equal to the height of the sacrificial 
layer 51 or smaller than the height of the sacrificial layer 51. 
The semiconductor layer 15 is not overgrown on the sacri 
ficial layer 51. 
The top surface of the semiconductor layer 15 and the top 

surface of the sacrificial layer 51 are made nearly flush with 
each other. On these top surfaces, a mask layer 55 shown in 
FIG. 3B is formed. In the mask layer 55, an opening 55a is 
selectively formed. The mask layer 55 is made of the same 
material as the sacrificial layer 51, e.g., silicon oxide film or 
silicon nitride film. 

Then, for instance, by the RIE method using the mask 
layer 55, a partial region on the front surface side of the 
semiconductor layer 15 exposed in the opening 55a is 
selectively removed. In the portion below the opening 55a, 
the light emitting layer 12a is removed. Thus, as shown in 
FIG. 3C, a non-emitting region 4 not including the light 
emitting layer 12a is formed on the front surface side of the 
semiconductor layer 15. 

Next, the sacrificial layer 51 and the mask layer 55 made 
of the same material as the sacrificial layer 51 are simulta 
neously removed. The sacrificial layer 51 and the mask layer 
55 are removed by e.g. wet etching or dry etching. 
The sacrificial layer 51 being a silicon oxide film or 

silicon nitride film can be easily removed with a high 
selection ratio with respect to the semiconductor layer 15 
made of gallium nitride-based material. 
By the removal of the sacrificial layer 51, as shown in 

FIG. 3D, a trench 56 reaching the substrate 10 is formed. 
This trench 56 separates the semiconductor layer 15 into a 
plurality on the substrate 10. That is, simultaneously with the 
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8 
removal of the sacrificial layer 51, a structure with the 
semiconductor layer 15 device-separated into a plurality is 
obtained. 

Here, FIG. 7B corresponds to the top view of FIG. 3D. 
The trench 56 has the same planar pattern as the sacrificial 

layer 51. That is, the trench 56 is formed in e.g. a lattice 
planar pattern on the wafer surface. The trench 56 is formed 
in a planar pattern continuously surrounding the semicon 
ductor layer 15. 
As shown in FIG. 7B, for each semiconductor layer 15 

surrounded with the trench 56, the emitting region 3 is larger 
than the non-emitting region 4. 

Next, as shown in FIG. 4A, the exposed portion of the 
substrate 10 is covered with an insulating film 31. That is, 
the insulating film 31 is formed on the inner wall (sidewall 
and bottom) of the trench 56, and the top surface (second 
surface) of the semiconductor layer 15 in FIG. 4A. 

Next, part of the insulating film 31 on the non-emitting 
region 4 is removed to expose part of the non-emitting 
region 4. On the exposed non-emitting region 4, an n-side 
electrode 14 is formed as shown in FIG. 4B. Furthermore, 
part of the insulating film 31 on the emitting region 3 is 
removed to expose part of the emitting region 3. On the 
exposed emitting region 3, a p-side electrode 13 is formed 
as shown in FIG. 4C. 
The n-side electrode 14 and the p-side electrode 13 are 

formed by e.g. the Sputtering method or evaporation method. 
Either the n-side electrode 14 or the p-side electrode 13 may 
be formed first. The n-side electrode 14 and the p-side 
electrode 13 may be simultaneously formed from the same 
material. 

Next, as shown in FIG. 4D, a p-side pad 16 is formed on 
the p-side electrode 13, and an n-side pad 17 is formed on 
the n-side electrode 14. The area of the top surface of the 
p-side pad 16 is larger than the contact area between the 
p-side electrode 13 and the semiconductor layer 15. The area 
of the top surface of the n-side pad 17 is larger than the 
contact area between the n-side electrode 14 and the semi 
conductor layer 15. 

Next, all the exposed portions of the structure body on the 
substrate 10 obtained by the steps up to FIG. 4D are covered 
with an insulating layer 32 shown in FIG. 5A. Then, by 
etching using a resist mask, not shown, a first opening 32a 
and a second opening 32b are formed in the insulating layer 
32. The first opening 32a reaches the p-side pad 16. The 
second opening 32b reaches the n-side pad 17. The trench 56 
is filled with the insulating layer 32. 

Next, a metal film, not shown, functioning as a plating 
seed metal is formed on the top surface of the insulating 
layer 32, the inner wall (sidewall and bottom) of the first 
opening 32a, and the inner wall (sidewall and bottom) of the 
second opening 32b. Then, a resist, not shown, is selectively 
formed on the metal film. Thus, Cu electrolytic plating is 
performed using the metal film as a current path. 
By this plating, as shown in FIG. 5B, a p-side intercon 

nection layer 18 and an n-side interconnection layer 19 are 
formed on the insulating layer 32. The p-side interconnec 
tion layer 18 and the n-side interconnection layer 19 are 
made of e.g. copper material simultaneously formed by the 
plating method. 
The p-side interconnection layer 18 is formed also in the 

first opening 32a, and electrically connected to the p-side 
pad 16 through the metal film being a seed metal. The n-side 
interconnection layer 19 is formed also in the second open 
ing 32b, and electrically connected to the n-side pad 17 
through the metal film being a seed metal. 
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Next, a resist, not shown, is used as a mask to perform Cu 
electrolytic plating using the remaining metal film as a 
current path. By this plating, as shown in FIG. 5C, a p-side 
metal pillar 21 and an n-side metal pillar 22 are formed. The 
p-side metal pillar 21 is formed on the p-side interconnec 
tion layer 18. The n-side metal pillar 22 is formed on the 
n-side interconnection layer 19. 

After the p-side metal pillar 21 and the n-side metal pillar 
22 are formed, the exposed portion of the metal film used as 
the seed metal is removed. Thus, the metal film connected 
between the p-side interconnection layer 18 and the n-side 
interconnection layer 19 is divided. 

Next, as shown in FIG. 5C, a resin layer 33 is formed on 
the insulating layer 32, around the p-side metal pillar 21, and 
around the n-side metal pillar 22. 

Then, in the state in which the semiconductor layer 15 is 
Supported by a Support body including the p-side metal pillar 
21, the n-side metal pillar 22, and the resin layer 33, the 
substrate 10 is removed. The substrate 10 is e.g. a silicon 
Substrate, and can be easily removed by wet etching or dry 
etching. 

FIG. 6A shows the state after the removal of the substrate 
10. The semiconductor layer 15 is supported by the support 
body (p-side metal pillar 21, n-side metal pillar 22, and resin 
layer 33) thicker than the semiconductor layer 15. Thus, 
even if the substrate 10 is eliminated, the wafer state can be 
maintained. 
The resin constituting the resin layer 33, and the metal 

constituting the p-side metal pillar 21 and the n-side metal 
pillar 22 are softer materials than the semiconductor layer 15 
made of GaN-based material. This can avoid damage to the 
semiconductor layer 15 even if the large internal stress 
produced by epitaxial growth for forming the semiconductor 
layer 15 on the substrate 10 is released at once when the 
substrate 10 is removed. 

After the substrate 10 is removed, the first surface 15a is 
cleaned. Furthermore, as necessary, frost treatment for form 
ing unevenness is performed. By forming fine unevenness at 
the first surface 15a, the light extraction efficiency can be 
increased. 

Then, as shown in FIG. 6B, on the first surface 15a, a 
phosphor layer 40 is formed. The step of forming the 
phosphor layer 40 includes the step of Supplying a liquid 
transparent resin dispersed with phosphor particles onto the 
first Surface 15a by Such a method as printing, potting, 
molding, and compression molding, and the step of heat 
curing the resin. 
The resin layer 33 is ground. Thus, as shown in FIG. 6C, 

a p-side external terminal 21a and an n-side external termi 
nal 22a are exposed from the resin layer 33. 

Then, the phosphor layer 40, the insulating layer 32, and 
the resin layer 33 are cut at the position of the trench 56 and 
singulated into a plurality of semiconductor light emitting 
devices. 

In the trench 56, the semiconductor layer 15 is not formed, 
but the trench 56 is filled with the insulating layer 32 made 
of resin. Furthermore, below the trench 56, the resin layer 33 
is provided. Thus, in the dicing region, the semiconductor 
layer 15 is not provided, but a resin softer than the semi 
conductor layer 15 is provided. This can avoid damage to the 
semiconductor layer 15 at the time of dicing. 
The above steps before dicing are performed collectively 

in the wafer state. Thus, after dicing, there is no need to form 
a Support body and to protect the chip with insulating 
material for each semiconductor light emitting device. This 
can significantly reduce the production cost. In the singu 
lated state shown in FIG. 1, the side surface of the semi 
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10 
conductor layer 15 has already been covered and protected 
with the insulating film 31 and the insulating layer 32. 

According to the embodiment described above, on the 
portion of the Substrate 10 constituting a device separation 
region, a sacrificial layer 51 is previously formed. In this 
state, a semiconductor layer 15 is formed on the substrate 10. 
That is, on the substrate 10, the semiconductor layer 15 is 
formed in the state of being already device-separated into a 
plurality by the sacrificial layer 51. This eliminates the need 
to separate the semiconductor layer 15 after forming the 
electrodes 13, 14, pads 16, 17 and the like. Thus, the device 
separation process can be simplified. 
The substrate 10 may be a sapphire substrate. The sap 

phire substrate can be removed by e.g. the laser lift-off 
method. 

That is, laser light is applied from the rear surface side of 
the sapphire substrate toward the first semiconductor layer 
11. The laser light can be transmitted through the sapphire 
Substrate, and has a wavelength in the absorption region of 
the first semiconductor layer 11. 
When the laser light reaches the interface between the 

sapphire substrate and the first semiconductor layer 11, the 
first semiconductor layer 11 near the interface is decom 
posed by absorbing the energy of the laser light. For 
instance, the first semiconductor layer 11 made of GaN 
based material is decomposed into gallium (Ga) and nitro 
gen gas. By this decomposition reaction, a small gap is 
formed between the sapphire substrate and the first semi 
conductor layer 11. Thus, the sapphire substrate and the first 
semiconductor layer 11 are separated. The laser light irra 
diation is performed a plurality of times throughout the 
wafer, once for each predefined region. Thus, the sapphire 
substrate is removed. 

Also in the case of using a Sapphire Substrate, the sacri 
ficial layer 51 can be made of silicon oxide film. Alterna 
tively, the sacrificial layer 51 may be made of e.g. silicon 
nitride film. Here, the sacrificial layer 51 made of silicon 
oxide film can be removed more easily than the sacrificial 
layer 51 made of silicon nitride film. 

In the case where the semiconductor layer 15 is e.g. a 
nitride semiconductor layer, the Sapphire Substrate is trans 
missive to the light emitted from the semiconductor layer 15. 
Thus, the sapphire substrate may be left on the first surface 
15a without being removed. 

Alternatively, in the state of FIG. 5B, the substrate 10 may 
be removed. Then, the phosphor layer 40 may be formed on 
the first surface 15a. Subsequently, at the position of the 
trench 56, the phosphor layer 40 and the insulating layer 32 
may be cut for singulation. FIG. 8A shows a schematic 
sectional view of this singulated semiconductor light emit 
ting device. In the case of this structure, the p-side inter 
connection layer 18 and the n-side interconnection layer 19 
function as external terminals. 

Alternatively, in the state of FIG. 4D, the substrate 10 may 
be removed. Then, the phosphor layer 40 may be formed on 
the first surface 15a. Subsequently, at the position of the 
trench 56, the phosphor layer 40 may be cut for singulation. 
FIG.8B shows a schematic sectional view of this singulated 
semiconductor light emitting device. In the case of this 
structure, the p-side pad 16 and the n-side pad 17 function 
as external terminals. 
The phosphor layer 40 does not necessarily need to be 

provided. Alternatively, a lens layer may be provided on the 
first surface 15a. 

After the step of FIG. 6A for removing the substrate 10, 
an insulating film may be formed entirely on the exposed 
portion. Then, the phosphor layer 40 may be formed. The 
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insulating film is formed by e.g. the Sputtering method or 
plasma enhanced chemical vapor deposition method. The 
insulating film is a silicon oxide film or silicon nitride film 
having a film thickness not decreasing the light extraction 
efficiency. This prevents the refractive index of the medium 
from significantly changing in the direction of light extrac 
tion through the first surface 15a. Thus, the light extraction 
efficiency can be increased. Furthermore, this can improve 
the adhesiveness between the phosphor layer 40 and the first 
surface 15a. 
An aspect of the embodiment includes forming a p-side 

metal pillar on the p-side interconnection layer, and forming 
an n-side metal pillar on the n-side interconnection layer. 
An aspect of the embodiment includes forming a second 

insulating layer on the side Surface of the p-side metal pillar 
and the side surface of the n-side metal pillar. 
An aspect of the embodiment includes removing the 

Substrate after forming the p-side metal pillar and the n-side 
metal pillar. 
An aspect of the embodiment includes removing the 

Substrate after forming the second insulating layer. 
An aspect of the embodiment includes forming a phos 

phor layer on the Surface of the semiconductor layer exposed 
by the removal of the substrate. 
An aspect of the embodiment includes cutting the phos 

phor layer and the first insulating layer at the position of the 
trench after forming the phosphor layer. 
An aspect of the embodiment includes forming a phos 

phor layer on the Surface of the semiconductor layer exposed 
by the removal of the substrate. 
An aspect of the embodiment includes cutting the phos 

phor layer, the first insulating layer, and the second insulat 
ing layer at the position of the trench after forming the 
phosphor layer. 
An aspect of the embodiment includes cutting the first 

insulating layer at the position of the trench after removing 
the substrate. 
An aspect of the embodiment includes cutting the first 

insulating layer and the second insulating layer at the 
position of the trench after removing the substrate. 
The aforementioned sacrificial layer 51 may have a cross 

section formed in a trapezoidal shape as shown in FIG. 10A. 
If the semiconductor layer 15 is grown on the substrate 10 
using this trapezoidal sacrificial layer 51 as a mask, then as 
shown in FIG. 10B, the semiconductor layer 15 separated by 
the sacrificial layer 51 is formed in an inverse trapezoidal 
cross-sectional shape. That is, the side Surface of the semi 
conductor layer 15 is formed in a tapered shape so that the 
substrate 10 makes an acute angle with the side surface of 
the semiconductor layer 15. 

Then, as shown in FIG. 10C, if the sacrificial layer 51 is 
removed, trenches 56 separating the semiconductor layer 15 
into a plurality on the substrate 10 are formed. The trench 56 
is formed in a trapezoidal cross-sectional shape in which the 
opening is narrower than the bottom width. 

In such a trench 56 with the opening narrower than the 
bottom width, an insulating film 31 is formed by the step 
shown in FIG. 4A described above. Then, the insulating film 
31 may fail to be formed conformally along the inner wall 
(side surface and bottom surface) of the trench 56. That is, 
as shown in FIG. 10D, the insulating film 31 may fail to be 
formed somewhere on the inner wall of the trench 56, or the 
film thickness of the insulating film 31 may be made 
nonuniform. 

Thus, in view of preventing the opening of the trench 56 
from becoming too narrow with respect to the bottom width, 
the angle between the substrate 10 and the side surface of the 
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sacrificial layer 51 (0 in FIG. 10A) is preferably 100° or less. 
Furthermore, the sacrificial layer 51 is difficult to process so 
that the cross section of the sacrificial layer 51 has an 
inverted trapezoidal shape. Thus, a Suitable range of the 
angle 0 between the substrate 10 and the side surface of the 
sacrificial layer 51 can be given by 80° or more and 100° or 
less. 
(Second Embodiment) 

Next, with reference to FIGS. 11 to 23, a semiconductor 
light emitting device of a second embodiment is described. 
The semiconductor light emitting device of the second 

embodiment is different from the semiconductor light emit 
ting device of the first embodiment in such points as follows. 
A step portion 65 continued to the side surface 15c of the 
semiconductor layer 15 is formed on the phosphor layer 40. 
Metal films 42, 41 are formed on the side surface 15c of the 
semiconductor layer 15 and the side surface 66 of the step 
portion 65 of the phosphor layer 40. An inorganic insulating 
film 36 is formed between the side surface 15c of the 
semiconductor layer 15 and the metal film 42. 

FIG. 11 is a schematic sectional view of the semiconduc 
tor light emitting device of the second embodiment. 

FIGS. 12A and 12B are schematic plan views of the 
semiconductor light emitting device of the second embodi 
ment. 

FIG. 13 is an enlarged sectional view taken along line 
A-A' in FIG. 12A. 
The same elements as those of the semiconductor light 

emitting device of the first embodiment described above are 
labeled with like reference numerals, and the detailed 
description thereof may be omitted. 
As in the first embodiment, the semiconductor light 

emitting device of the second embodiment also includes a 
semiconductor layer 15 containing e.g. gallium nitride. The 
semiconductor layer 15 has a first surface 15a, a second 
Surface formed on the opposite side therefrom, and a side 
surface 15c continued to the first surface 15a. The semicon 
ductor layer 15 includes a first semiconductor layer 11 and 
a second semiconductor layer 12. The second semiconductor 
layer 12 includes a light emitting layer 12a. The side Surface 
15c of the semiconductor layer 15 is a side surface of the first 
semiconductor layer 11. 
The second surface of the semiconductor layer 15 is 

processed into an uneven shape, and part of the light 
emitting layer 12a is removed. Thus, the second Surface of 
the semiconductor layer 15 includes an emitting region 3 
including the light emitting layer 12a, and a non-emitting 
region 4 not including the light emitting layer 12a. 
The p-side electrode 13 is provided on the second surface 

in the emitting region 3. The n-side electrode 14 is provided 
on the second Surface in the non-emitting region 4. 
On the step portion between the second semiconductor 

layer 12 and the first semiconductor layer 11, as shown in 
FIG. 13, an insulating film 35 is formed. The insulating film 
35 is e.g. a silicon oxide film. The insulating film 35 covers 
the side Surface (end portion) of the light emitting layer 12a. 
The p-side electrode 13 is covered with a p-side pad 16. 

The n-side electrode 14 is covered with an n-side pad 17. 
The p-side pad 16 and the n-side pad 17 are made of metal 
material and function for electrode protection and as a 
reflection film. 
On the second Surface side, an inorganic insulating film 

36 is further provided. The inorganic insulating film 36 is 
e.g. a silicon nitride film. Alternatively, the inorganic insu 
lating film 36 may be a silicon oxide film or silicon oxyni 
tride film. 
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The inorganic insulating film 36 covers the second surface 
of the semiconductor layer 15, the insulating film 35 pro 
vided on the second surface, the p-side pad 16, and the 
n-side pad 17. Furthermore, the inorganic insulating film 36 
covers the side surface 15c of the semiconductor layer 15. 
On the inorganic insulating film 36, via a metal film 42 

shown in FIG. 13, a p-side interconnection layer 18 and an 
n-side interconnection layer 19 are provided and spaced 
from each other. Furthermore, on the inorganic insulating 
film 36, via the metal film 42, a metal film 41 is provided. 
The p-side interconnection layer 18, the n-side intercon 

nection layer 19, and the metal film 41 are simultaneously 
formed by the electrolytic plating method using the metal 
film 42 as a seed layer. Thus, the p-side interconnection layer 
18, the n-side interconnection layer 19, and the metal film 41 
are made of the same material (e.g., copper). 
The metal film 42 used as a seed layer is e.g. a stacked 

film of an aluminum (Al) film, a titanium (Ti) film, and a 
copper (Cu) film. The aluminum film is formed on the 
inorganic insulating film 36. The titanium film is formed on 
the aluminum film. The copper film is formed on the 
titanium film. The thickness of the metal film 42 is thinner 
than each thickness of the p-side interconnection layer 18 
and the n-side interconnection layer 19. 
The p-side interconnection layer 18 is electrically con 

nected to the p-side pad 16 and the p-side electrode 13 
through a plurality of p-side Vias 18a penetrating through the 
inorganic insulating film 36 to the p-side pad 16. The p-side 
via 18a is provided in a first opening penetrating through the 
inorganic insulating film 36 to the p-side pad 16. The metal 
film 42 used as a seed layer is formed also on the inner wall 
of the first opening. By the aforementioned electrolytic 
plating, part of the p-side interconnection layer 18 is formed 
as the p-side via 18a in the first opening. 
The n-side interconnection layer 19 is electrically con 

nected to the n-side pad 17 and the n-side electrode 14 
through an n-side via 19a penetrating through the inorganic 
insulating film 36 to the n-side pad 17. The n-side via 19a 
is provided in a second opening penetrating through the 
inorganic insulating film 36 to the n-side pad 17. The metal 
film 42 used as a seed layer is formed also on the inner wall 
of the second opening. By the aforementioned electrolytic 
plating, part of the n-side interconnection layer 19 is formed 
as the n-side via 19a in the second opening. 
On the p-side interconnection layer 18, a p-side metal 

pillar 21 thicker than the p-side interconnection layer 18 is 
provided. The metal film 42, the p-side interconnection layer 
18, and the p-side metal pillar 21 constitute a p-side inter 
connection section responsible for electrical connection 
between the p-side electrode 13 and an external circuit. 
On the n-side interconnection layer 19, an n-side metal 

pillar 22 thicker than the n-side interconnection layer 19 is 
provided. The metal film 42, the n-side interconnection layer 
19, and the n-side metal pillar 22 constitute an n-side 
interconnection section responsible for electrical connection 
between the n-side electrode 14 and an external circuit. 
On the inorganic insulating film 36, on the p-side inter 

connection layer 18, and on the n-side interconnection layer 
19, a resin layer 33 is provided. The resin layer 33 covers the 
periphery of the p-side interconnection section and the 
periphery of the n-side interconnection section. 
The resin layer 33 is provided between the p-side inter 

connection layer 18 and the n-side interconnection layer 19. 
The resin layer 33 covers the side surface of the p-side 
interconnection layer 18 and the side surface of the n-side 
interconnection layer 19. Furthermore, the resin layer 33 is 
provided between the p-side metal pillar 21 and the n-side 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
metal pillar 22. The resin layer 33 covers the side surface of 
the p-side metal pillar 21 and the side surface of the n-side 
metal pillar 22. 
The surface of the p-side metal pillar 21 on the opposite 

side from the p-side interconnection layer 18 is not covered 
with the resin layer 33 but exposed, and functions as a p-side 
external terminal 21a to be bonded to a mounting Substrate. 
The surface of the n-side metal pillar 22 on the opposite side 
from the n-side interconnection layer 19 is not covered with 
the resin layer 33 but exposed, and functions as an n-side 
external terminal 22a to be bonded to the mounting sub 
Strate. 

On the first surface 15a of the semiconductor layer 15, a 
phosphor layer 40 is provided. The phosphor layer 40 
includes phosphor particles capable of absorbing emission 
light (excitation light) of the light emitting layer 12a and 
emitting wavelength converted light. As shown in FIG. 13, 
the phosphor particles include e.g. green phosphor particles 
62 absorbing excitation light of the light emitting layer 12a 
and emitting green light, and red phosphor particles 63 
absorbing excitation light of the light emitting layer 12a and 
emitting red light. 
On the first surface 15a of the semiconductor layer 15, 

fine unevenness is formed to improve the light extraction 
efficiency. As shown in FIG. 27, as in the first embodiment, 
an adhesion layer 81 may be provided between the first 
surface 15a and the phosphor layer 40. The adhesion layer 
81 has higher adhesive force to the phosphor layer 40 than 
the semiconductor layer 15. Hence, peeling of the phosphor 
layer 40 from the semiconductor layer 15 is prevented. Thus, 
the reliability can be improved. 
The phosphor layer 40 is provided not only on the first 

surface 15a of the semiconductor layer 15, but also on the 
region outside the first surface 15a and the side surface 15c 
along the Surface. 

In the phosphor layer 40, between the portion provided on 
the first surface 15a of the semiconductor layer 15 and the 
portion provided outside the first surface 15a, as shown in 
FIG. 13, a step portion 65 is formed. 
On the surface of the step portion 65 of the phosphor layer 

40 (in the case where the adhesion layer 81 is formed, the 
Surface thereof can also be regarded as the Surface of the step 
portion 65), the inorganic insulating film 36 is formed. The 
step portion 65 has a side surface 66 continued to the side 
surface 15c of the semiconductor layer 15. The inorganic 
insulating film 36 is continuously formed from the side 
surface 15c of the semiconductor layer 15 to the side surface 
66 of the step portion 65. 

Also on the inorganic insulating film 36 provided on the 
side surface 15c of the semiconductor layer 15 and the side 
surface 66 of the step portion 65 of the phosphor layer 40, 
the aforementioned metal film 42 used as a seed layer is 
formed. On the metal film 42, a metal film 41 is formed at 
the time of the aforementioned electrolytic plating. 

Thus, the side surface 15c of the semiconductor layer 15 
and the side surface 66 of the step portion 65 of the phosphor 
layer 40 are covered with the metal film 42 and the metal 
film 41 via the inorganic insulating film 36. 
As shown in FIG. 12A, the metal film 41 continuously 

surrounds the periphery of the side surface 15c of the 
semiconductor layer 15, and is formed integrally with the 
n-side interconnection layer 19. Thus, the metal film 41 is 
electrically connected to the n-side interconnection layer 19. 
The metal film 41 is separated from the p-side intercon 

nection layer 18. The metal film (seed layer) 42 underlying 
the metal film 41 is also separated from the metal film (seed 
layer) 42 underlying the p-side interconnection layer 18. 
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Thus, the metal film 41 is not electrically connected to the 
p-side interconnection layer 18. 
By integrally forming the metal film 41 and the n-side 

interconnection layer 19, a wide heat dissipation path can be 
realized. Furthermore, a large area for forming the n-side 
metal pillar 22 can also be ensured on the n-side intercon 
nection layer 19. Thus, an n-side metal pillar 22 having a 
wide width (large cross-sectional area) can be formed. As 
the width of the n-side metal pillar 22 becomes wider, the 
area of solder bonded to the n-side external terminal 22a can 
also be made larger. The n-side external terminal 22a serves 
as an end surface of the n-side metal pillar 22 at the time of 
mounting onto a mounting Substrate. Thus, heat dissipation 
to the mounting Substrate through the n-side interconnection 
layer 19, the n-side metal pillar 22, and the solder can be 
improved. 
The side surface 15c is the side surface 15c of the first 

semiconductor layer 11 not including the light emitting layer 
12a. The inorganic insulating film 36 is interposed between 
the side surface 15c and the metal film 41. However, if a 
short circuit occurs between the side surface 15c and the 
metal film 41, the first semiconductor layer 11 is electrically 
connected to the n-side interconnection layer 19. The current 
path between the first semiconductor layer 11 and the n-side 
interconnection layer 19 is a normal current path, and causes 
no problem. 

Alternatively, as shown in FIG. 12B, the metal film 41 
may be separated from the n-side interconnection layer 19, 
and may not be electrically connected to the n-side inter 
connection layer 19. 

According to the second embodiment, the side surface 
15c of the semiconductor layer 15 is covered with the metal 
film 42 and the metal film 41. The metal film 42 and the 
metal film 41 have a light blocking property for the light 
emitted from the light emitting layer 12a. This can reduce 
color breakup due to leakage of the emission light (e.g., blue 
light) of the light emitting layer 12a from the side surface 
15c of the semiconductor layer 15 without passing through 
the phosphor layer 40. Thus, a uniform color can be obtained 
when the semiconductor light emitting device is viewed 
from any direction. 

Furthermore, the metal film 42 contains aluminum having 
high reflectance to the emission light of the light emitting 
layer 12a. Thus, the lateral light reaching the side Surface 
15c of the semiconductor layer 15 from the light emitting 
layer 12a can be reflected by the metal film 42 toward the 
phosphor layer 40 thereabove to achieve a high light extrac 
tion efficiency. 

Furthermore, on the side surface 15c of the semiconductor 
layer 15, the inorganic insulating film 36 is formed. Light 
absorption occurs in metal reflection. However, in inorganic 
film reflection, depending on the condition, a reflectance of 
100% can be achieved. 

For instance, from the side surface 15c of GaN having a 
refractive index of approximately 2.4, light is incident on the 
inorganic insulating film 36 of a silicon oxide film having a 
lower refractive index (approximately 1.5) than GaN. This 
light is reflected due to the refractive index difference. 
Furthermore, in the case where the incident angle to the 
interface between GaN and the inorganic insulating film 36 
is larger than the escape cone, light can be totally reflected. 

Furthermore, if the film thickness of the inorganic insu 
lating film 36 is set to half the emission wavelength of the 
light emitting layer 12a, the amplitude of reflection at the 
interface between GaN (first semiconductor layer 11) and 
the inorganic insulating film 36 overlaps the amplitude of 
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reflection at the interface between the inorganic insulating 
film 36 and the metal film 42. This increases the reflectance. 
The surface of the metal film 41 is covered with the resin 

layer 33. In the case of the planar layout of FIG. 12A, the 
resin layer 33 is provided between the metal film 41 and the 
p-side interconnection layer 18. In the case of the planar 
layout of FIG. 12B, the resin layer 33 is provided between 
the metal film 41 and the p-side interconnection layer 18, 
and between the metal film 41 and the n-side interconnection 
layer 19. 
The resin layer 33 is made of black resin having a light 

blocking property for the emission light of the light emitting 
layer 12a. The resin layer 33 covers the side surface of the 
metal film 41. Thus, the resin layer 33 also functions as a 
light blocking body for preventing leakage of the emission 
light from the side surface 15c of the semiconductor layer 
15. 

Alternatively, the resin layer 33 may be made of e.g. white 
resin reflective to the emission light of the light emitting 
layer 12a. In this case, the resin layer 33 also functions as a 
reflective body for reflecting light upward while preventing 
leakage of the emission light from the side surface 15c. 
The side surface 15c of the semiconductor layer 15 is 

formed in a tapered shape, not perpendicular but oblique to 
the first surface 15a and the second surface. By the tapered 
shape of the side surface 15c, the light incident on the side 
surface 15c can be effectively reflected toward the phosphor 
layer 40. This can reduce self-absorption loss inside the 
semiconductor layer 15. 

In the phosphor layer 40, the step portion 65 is formed 
near the end portion of the semiconductor layer 15. The side 
surface 66 of the step portion 65 is continued to the side 
surface 15c of the semiconductor layer 15. The side surface 
66 is also formed in a tapered shape oblique to the first 
surface 15a and the second surface of the semiconductor 
layer 15. 

Also on the side surface 66 of the step portion 65, the 
metal film 42 and the metal film 41 are provided via the 
inorganic insulating film 36. The metal film 42 and the metal 
film 41 function as a reflective body for light leaking from 
the side surface 66 of the step portion 65. This suppresses 
leakage of the excitation light traveling a short distance in 
the phosphor layer 40, and can reduce color breakup. 
The inclination angle (01 in FIG. 13) of the side surface 

15c of the semiconductor layer 15 with respect to the second 
surface and the inclination angle (02 in FIG. 13) of the side 
surface 66 of the step portion 65 of the phosphor layer 40 
with respect to the first surface 15a are appropriately set. 
This can control the directivity of light emitted outside from 
the semiconductor light emitting device. 

For instance, if 02 is made smaller than 01, the directivity 
can be made narrower than in the case where 02 is made 
larger than 01. Conversely, if 02 is made larger than 01, the 
directivity can be made wider than in the case where 02 is 
made smaller than 01. 
The inclination angle of the side surface 15c of the 

semiconductor layer 15 can be controlled by the side surface 
shape of the aforementioned sacrificial layer 51. The incli 
nation angle of the side surface 66 of the step portion 65 of 
the phosphor layer 40 depends on the inclination angle of the 
side surface 71a of the recess 71 formed in the substrate 10 
described later with reference to FIG. 14. The inclination 
angle of the side surface 71a of this recess 71 can be 
controlled by the etching condition for forming the recess 
71. 

Between the side surface 15c of the semiconductor layer 
15 and the metal film 42, and between the side surface 66 of 
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the step portion 65 of the phosphor layer 40 and the metal 
film 42, the inorganic insulating film 36 is provided. The 
inorganic insulating film 36 has high adhesive force to the 
semiconductor layer 15, the phosphor layer 40, and the 
metal film 42. This enhances the reliability of the state in 
which the side surface 15c of the semiconductor layer 15 and 
the side surface 66 of the step portion 65 of the phosphor 
layer 40 are covered with the metal film 42 and the metal 
film 41. 

Next, a method for manufacturing a semiconductor light 
emitting device of the second embodiment is described. 
The process up to the step shown in FIG. 3D is performed 

similarly to that of the first embodiment described above. 
More specifically, on a Substrate 10 being e.g. a silicon 
Substrate, on the portion constituting a device separation 
region, a sacrificial layer 51 is previously formed. In this 
state, a semiconductor layer 15 is formed on the substrate 10. 
On the substrate 10, the semiconductor layer 15 is formed in 
the state of being already device-separated into a plurality by 
the sacrificial layer 51. This eliminates the need to separate 
the semiconductor layer 15 after forming the electrodes 13, 
14, pads 16, 17 and the like. Thus, the device separation 
process can be simplified. 

Furthermore, in the second embodiment, after the sacri 
ficial layer 51 is removed, the substrate 10 below the trench 
56 separating the semiconductor layer 15 is etched to form 
a recess 71 on the front surface side of the substrate 10 as 
shown in FIG. 14. The side surface 71a of the recess 71 is 
continued to the side surface 15c of the semiconductor layer 
15. Because the substrate 10 is a silicon substrate, it can be 
easily etched. 

Alternatively, without using the sacrificial layer 51, the 
semiconductor layer 15 may be formed on the entire surface 
of the Substrate 10. Then, by etching using a mask, the 
semiconductor layer 15 is separated into a plurality on the 
substrate 10. Subsequently, the substrate 10 below the trench 
between the separated semiconductor layers 15 is etched 
using the aforementioned mask. Thus, a recess 71 may be 
formed in the substrate 10. 

Then, as in the first embodiment, on the second surface of 
the semiconductor layer 15, a p-side electrode 13, an n-side 
electrode 14, a p-side pad 16, and an n-side pad 17 are 
formed. Furthermore, an inorganic insulating film 36 is 
formed. As shown in FIG. 15, the inorganic insulating film 
36 is formed also on the side surface 15c of the semicon 
ductor layer 15, the side surface 71a of the recess 71 
continued to the side surface 15c, and the bottom surface of 
the recess 71. 
On the inorganic insulating film 36, a metal film 42 is 

formed. The metal film 42 is also on the side surface 15c of 
the semiconductor layer 15 and the inorganic insulating film 
36 formed on the side surface 71a of the recess 71. 
On the metal film 42, a plating resist, not shown, is 

formed. By the electrolytic plating method using the metal 
film 42 as a seed layer, a p-side interconnection layer 18, an 
n-side interconnection layer 19, and a metal film 41 are 
formed on the metal film 42. 

Furthermore, by the electrolytic plating method using the 
metal film 42 as a seed layer, a p-side metal pillar 21 is 
formed on the p-side interconnection layer 18, and an n-side 
metal pillar 22 is formed on the n-side interconnection layer 
19. 

After the p-side metal pillar 21 and the n-side metal pillar 
22 are formed, the exposed portion of the metal film 42 is 
removed by etching. The electrical connection between the 
p-side interconnection layer 18 and the n-side interconnec 
tion layer 19 through the metal film 42 is broken. In the case 
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of the layout of FIG. 12A, the electrical connection between 
the p-side interconnection layer 18 and the metal film 41 
through the metal film 42 is broken. In the case of the layout 
of FIG. 12B, the electrical connection between the p-side 
interconnection layer 18 and the metal film 41 through the 
metal film 42, and the electrical connection between the 
n-side interconnection layer 19 and the metal film 41 
through the metal film 42 are broken. 

Then, a resin layer 33 is formed on the second surface 
side. As shown in FIG. 15, the resin layer 33 is buried also 
in the recess 71. 

After the resin layer 33 is formed, the substrate (silicon 
substrate) 10 is removed by etching. FIG. 16 shows a wafer 
cross section after the removal of the substrate 10, shown 
upside down from FIG. 15. 
By the removal of the substrate 10, the first surface 15a 

of the semiconductor layer 15 is exposed. On the first 
surface 15a, fine unevenness is formed to increase the light 
extraction efficiency. 
By the removal of the substrate 10, the inorganic insu 

lating film 36, the metal film 42, the metal film 41, and the 
resin layer 33 formed in the recess 71 of the substrate 10 are 
projected from the first surface 15a of the semiconductor 
layer 15. 

After the substrate 10 is removed, a phosphor layer 40 is 
formed on the first surface 15a. As shown in FIG. 17, the 
phosphor layer 40 is formed via an adhesion layer 81 also on 
the side surface and top surface of the inorganic insulating 
film 36 projected from the first surface 15a. 

Thus, on the phosphor layer 40, a step portion 65 having 
a side surface 66 continued to the side surface 15c of the 
semiconductor layer 15 is formed. 

After the phosphor layer 40 is formed, in the portion 
where the inorganic insulating film 36 and the resin layer 33 
are projected from the first surface 15a of the semiconductor 
layer 15, as shown in FIG. 17, the phosphor layer 40, the 
inorganic insulating film 36, and the resin layer 33 are cut 
and singulated into a plurality of semiconductor light emit 
ting devices. 

FIGS. 18A and 18B are schematic plan views of a 
semiconductor light emitting device of a variation of the 
second embodiment. 

FIG. 19 is an enlarged sectional view taken along line 
A-A' in FIG. 18A. 

Also in this semiconductor light emitting device, as 
shown in FIG. 19, a step portion 65 of the phosphor layer 40 
is provided on the end portion of the semiconductor layer 15. 
The side surface 66 of the step portion 65 is continued to the 
side surface 15c of the semiconductor layer 15. 

Furthermore, an inorganic insulating film 36, a metal film 
42, and a metal film 41 are formed so as to cover the step 
portion 65. The inorganic insulating film 36, the metal film 
42, and the metal film 41 divide the first semiconductor layer 
11 not including the light emitting layer 12a. 

Thus, outside the side surface 15c of the semiconductor 
layer 15 including the light emitting layer 12a, the first 
semiconductor layer 11 is provided via the inorganic insu 
lating film 36, the metal film 42, and the metal film 41. 
As shown in FIG. 18A, the metal film 41 dividing the first 

semiconductor layer 11 continuously surrounds the periph 
ery of the side surface 15c of the semiconductor layer 15, 
and is formed integrally with the n-side interconnection 
layer 19. Thus, the metal film 41 is electrically connected to 
the n-side interconnection layer 19. 
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Alternatively, as shown in FIG. 18B, the metal film 41 
may be separated from the n-side interconnection layer 19, 
and may not be electrically connected to the n-side inter 
connection layer 19. 
As shown in FIGS. 18A and 18B, the first semiconductor 

layer 11 formed outside the metal film 41 continuously 
surrounds the periphery of the metal film 41. On the first 
semiconductor layer 11 formed outside the metal film 41, the 
n-side electrode 14 and the n-side pad 17 are not formed. 
The surface of the first semiconductor layer 11 is covered 
with the inorganic insulating film 36. 

Also in the semiconductor light emitting device shown in 
FIG. 19, the metal film 42 and the metal film 41 have a light 
blocking property for the light emitted from the light emit 
ting layer 12a. This can reduce color breakup due to leakage 
of the emission light (e.g., blue light) of the light emitting 
layer 12a from the side surface 15c of the semiconductor 
layer 15 without passing through the phosphor layer 40. 
Thus, a uniform color can be obtained when the semicon 
ductor light emitting device is viewed from any direction. 

Furthermore, the metal film 42 contains aluminum having 
high reflectance to the emission light of the light emitting 
layer 12a. Thus, the lateral light reaching the side Surface 
15c of the semiconductor layer 15 from the light emitting 
layer 12a can be reflected by the metal film 42 toward the 
phosphor layer 40 thereabove to achieve a high light extrac 
tion efficiency. Furthermore, on the side surface 15c of the 
semiconductor layer 15, the inorganic insulating film 36 is 
formed. Thus, depending on the condition, total reflection 
can be achieved at the interface between the first semicon 
ductor layer 11 and the inorganic insulating film 36. 

Furthermore, by the side surface 15c in a tapered shape, 
the incident light to the side surface 15c can be effectively 
reflected toward the phosphor layer 40. This can reduce 
self-absorption loss inside the semiconductor layer 15. 

Furthermore, the inclination angle (01 in FIG. 19) of the 
side surface 15c of the semiconductor layer 15 with respect 
to the second surface and the inclination angle (02 in FIG. 
19) of the side surface 66 of the step portion 65 of the 
phosphor layer 40 with respect to the first surface 15a are 
appropriately set. This can control the directivity of light 
emitted outside from the semiconductor light emitting 
device. 

For instance, if 02 is made smaller than 01, the directivity 
can be made narrower than in the case where 02 is made 
larger than 01. Conversely, if 02 is made larger than 01, the 
directivity can be made wider than in the case where 02 is 
made smaller than 01. 
The inorganic insulating film 36 has high adhesive force 

to the semiconductor layer 15, the phosphor layer 40, and the 
metal film 42. This enhances the reliability of the state in 
which the side surface 15c of the semiconductor layer 15 and 
the side surface 66 of the step portion 65 of the phosphor 
layer 40 are covered with the metal film 42 and the metal 
film 41. 

In forming the structure of FIG. 19, the process up to the 
step shown in FIG. 3D is performed similarly to that of the 
first embodiment described above. More specifically, on a 
Substrate 10 being e.g. a silicon Substrate, on the portion 
constituting a device separation region, a sacrificial layer 51 
is previously formed. In this state, a semiconductor layer 15 
is formed on the substrate 10. On the substrate 10, the 
semiconductor layer 15 is formed in the state of being 
already device-separated into a plurality by the sacrificial 
layer 51. This eliminates the need to separate the semicon 
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ductor layer 15 after forming the electrodes 13, 14, pads 16, 
17 and the like. Thus, the device separation process can be 
simplified. 

After the sacrificial layer 51 is removed, the substrate 10 
below the trench 56 separating the semiconductor layer 15 
is etched to form recesses 72 on the front surface side of the 
substrate 10 as shown in FIG. 20. At this time, two recesses 
72 are formed so that the first semiconductor layer 11 not 
including the light emitting layer 12a remains between the 
adjacent semiconductor layers 15 including the light emit 
ting layer 12a. The first semiconductor layer 11 is left on the 
substrate 10 between the two recesses 72. The side surface 
72a of the recess 72 on the semiconductor layer 15 side is 
continued to the side surface 15c of the semiconductor layer 
15. 

Alternatively, without using the sacrificial layer 51, the 
semiconductor layer 15 may be formed on the entire surface 
of the Substrate 10. Then, by etching using a mask, the 
semiconductor layer 15 is separated into a plurality on the 
substrate 10. Subsequently, the substrate 10 below the trench 
between the separated semiconductor layers 15 is etched 
using the aforementioned mask. Thus, recesses 72 may be 
formed in the substrate 10. 

Then, as in the first embodiment, on the second surface of 
the semiconductor layer 15, a p-side electrode 13, an n-side 
electrode 14, a p-side pad 16, and an n-side pad 17 are 
formed. Furthermore, an inorganic insulating film 36 is 
formed. As shown in FIG. 21, the inorganic insulating film 
36 is formed also on the side surface 15c of the semicon 
ductor layer 15, the side surface 72a of the recess 72 
continued to the side surface 15c, the bottom surface of the 
recess 72, and the surface of the first semiconductor layer 11 
between the recesses 72. 
On the inorganic insulating film 36, a metal film 42 is 

formed. On the metal film 42, a plating resist, not shown, is 
formed. By the electrolytic plating method using the metal 
film 42 as a seed layer, a p-side interconnection layer 18, an 
n-side interconnection layer 19, and a metal film 41 are 
formed on the metal film 42. The metal film 41 is buried in 
the recess 72 via the inorganic insulating film 36 and the 
metal film 42. 

Furthermore, by the electrolytic plating method using the 
metal film 42 as a seed layer, a p-side metal pillar 21 is 
formed on the p-side interconnection layer 18, and an n-side 
metal pillar 22 is formed on the n-side interconnection layer 
19. 

After the p-side metal pillar 21 and the n-side metal pillar 
22 are formed, the exposed portion of the metal film 42 is 
removed by etching. The electrical connection between the 
p-side interconnection layer 18 and the n-side interconnec 
tion layer 19 through the metal film 42 is broken. In the case 
of the layout of FIG. 18A, the electrical connection between 
the p-side interconnection layer 18 and the metal film 41 
through the metal film 42 is broken. In the case of the layout 
of FIG. 18B, the electrical connection between the p-side 
interconnection layer 18 and the metal film 41 through the 
metal film 42, and the electrical connection between the 
n-side interconnection layer 19 and the metal film 41 
through the metal film 42 are broken. 

Then, after a resin layer 33 is formed, the substrate 
(silicon substrate) 10 is removed by etching. FIG.22 shows 
a wafer cross section after the removal of the substrate 10, 
shown upside down from FIG. 21. 
By the removal of the substrate 10, the first surface 15a 

of the semiconductor layer 15 is exposed. On the first 
surface 15a, fine unevenness is formed to increase the light 
extraction efficiency. 
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By the removal of the substrate 10, the inorganic insu 
lating film 36, the metal film 42, and the metal film 41 
formed in the recess 72 of the substrate 10 are projected 
from the first surface 15a of the semiconductor layer 15. 
Furthermore, the surface of the first semiconductor layer 11 
between the projected portions of the metal film 41 is 
exposed. 
The inorganic insulating film 36 is very thin, Such as 

several hundred nm. Thus, there is concern about the pos 
sibility that the inorganic insulating film 36 supported by the 
soft resin layer 33 on the portion between the metal films 41 
is broken. However, the inorganic insulating film 36 on the 
resin layer 33 is covered and protected with the first semi 
conductor layer 11 harder than the resin layer 33. This can 
suppress etching of the metal film 42 and the like with 
chemicals through the broken inorganic insulating film 36 at 
the time of removing the substrate 10 and at the time of frost 
treatment for forming fine unevenness at the first Surface 
15. 

After the substrate 10 is removed, a phosphor layer 40 is 
formed on the first surface 15a. As shown in FIG. 23, the 
phosphor layer 40 is formed also on the side surface and top 
Surface of the inorganic insulating film 36 projected from the 
first surface 15a. 

Thus, on the phosphor layer 40, a step portion 65 having 
a side surface 66 continued to the side surface 15c of the 
semiconductor layer 15 is formed. 

After the phosphor layer 40 is formed, in the portion 
between the metal films 41, as shown in FIG. 23, the 
phosphor layer 40, the first semiconductor layer 11, the 
inorganic insulating film 36, and the resin layer 33 are cut 
and singulated into a plurality of semiconductor light emit 
ting devices. 

Also in the structure of FIG. 19, as shown in FIG. 28, an 
adhesion layer 81 may be provided between the first surface 
15a of the semiconductor layer 15 and the phosphor layer 
40. 

FIG. 24 is a schematic plan view showing another 
example of the planar layout of the n-side electrode 14 and 
the p-side electrode 13 in the semiconductor device of the 
second embodiment. 

In FIG. 24, the region of the metal film 41 covering the 
n-side electrode 14, the p-side electrode 13, and the first 
surface 15a of the semiconductor layer 15 is hatched. 
At the center of the second surface of the semiconductor 

layer 15, the first semiconductor layer 11 is exposed, and a 
non-emitting region 4 not including the light emitting layer 
12a is formed. On the non-emitting region 4, the n-side 
electrode 14 is provided. 
On the second surface of the semiconductor layer 15, an 

emitting region 3 including the light emitting layer 12a is 
formed around the non-emitting region 4. On the emitting 
region3, the p-side electrode 13 is provided. In plan view of 
the second surface of the semiconductor layer 15, the p-side 
electrode 13 surrounds the periphery of the n-side electrode 
14. An insulating film is provided between the n-side elec 
trode 14 and the p-side electrode 13. 
On the n-side electrode 14 and the p-side electrode 13, the 

aforementioned inorganic insulating film 36 is provided. 
Through an n-side via penetrating through the inorganic 
insulating film 36, the n-side electrode 14 is connected to the 
n-side interconnection layer 19 provided on the inorganic 
insulating film 36. Through a p-side via penetrating through 
the inorganic insulating film 36, the p-side electrode 13 is 
connected to the p-side interconnection layer 18 provided on 
the inorganic insulating film 36. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

22 
Also in the layout of FIG. 24, on the side surface 15c of 

the semiconductor layer 15, a metal film 41 is provided via 
the inorganic insulating film 36 and the metal film 42 
described above. In FIG. 24, the metal film 42 is separated 
from the n-side interconnection layer 19. However, the metal 
film 42 may be connected to the n-side interconnection layer 
19. 
As shown in the sectional view of FIG. 13 or 19 described 

above, on the phosphor layer 40, a step portion 65 continued 
to the side surface 15c of the semiconductor layer 15 is 
provided. Also on the side surface 66 of the step portion 65, 
the metal film 41 is provided via the inorganic insulating 
film 36 and the metal film 42. 

While certain embodiments have been described, these 
embodiments have been presented by way of example only, 
and are not intended to limit the scope of the inventions. 
Indeed, the novel embodiments described herein may be 
embodied in a variety of other forms; furthermore, various 
omissions, Substitutions and changes in the form of the 
embodiments described herein may be made without depart 
ing from the spirit of the inventions. The accompanying 
claims and their equivalents are intended to cover Such 
forms or modification as would fall within the scope and 
spirit of the inventions. 

What is claimed is: 
1. A semiconductor light emitting device comprising: 
a semiconductor layer including a major Surface, a side 

Surface connected to the major Surface, and a light 
emitting layer; 

a p-side electrode directly contacting the semiconductor 
layer on a major surface side of the semiconductor 
layer; 

an n-side electrode directly contacting the semiconductor 
layer on the major Surface side of the semiconductor 
layer; 

an insulating film provided on the p-side electrode, the 
n-side electrode and the side surface of the semicon 
ductor layer; 

a p-side interconnection section electrically connected to 
the p-side electrode through a p-side via penetrating 
through the insulating film; 

an n-side interconnection section electrically connected to 
the n-side electrode through an n-side via penetrating 
through the insulating film; 

a phosphor layer including a first portion and a second 
portion, the first portion being between the second 
portion and the semiconductor layer in a first direction, 
the first direction crossing the major surface of the 
semiconductor layer, the second portion covering the 
first portion in the first direction, a portion of the second 
portion extending beyond the first portion in a second 
direction crossing the first direction, a bottom surface 
of the portion of the second portion being connected to 
a side surface of the first portion, the side surface of the 
first portion being oblique to the bottom surface of the 
portion of the second portion; and 

a metal film provided on the side surface of the semicon 
ductor layer via the insulating film, and on the side 
surface of the first portion of the phosphor layer via the 
insulating film, the insulating film being between the 
metal film and the portion of the second portion extend 
ing beyond the first portion, wherein 

the semiconductor layer is between the p-side electrode 
and the phosphor layer in the first direction, and 
between the n-side electrode and the phosphor layer in 
the first direction. 
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2. The device according to claim 1, 
wherein the insulation film is an inorganic film and 

provided between the side surface of the semiconductor 
layer and the metal film and between the side surface of 
the first portion of the phosphor layer and the metal 
film. 

3. The device according to claim 1, wherein the insulating 
film has a film thickness of half an emission wavelength of 
the light emitting layer. 

4. The device according to claim 1, wherein the side 
Surface of the semiconductor layer is oblique to the major 
Surface. 

5. The device according to claim 1, wherein the side 
surface of the first portion of the phosphor layer is oblique 
to the major Surface. 

6. The device according to claim 1, wherein the metal film 
is connected integrally with part of the n-side interconnec 
tion section. 

7. The device according to claim 1, wherein the metal film 
contains aluminum. 

8. The device according to claim 1, wherein 
unevenness is formed on a Surface of the semiconductor 

layer facing the phosphor layer, and 
an adhesion layer is provided between, in the first direc 

tion, the semiconductor layer and the phosphor layer, 
the adhesion layer having an adhesive force with 
respect to the phosphor layer that is greater than an 
adhesive force between the phosphor layer and the 
semiconductor layer. 

9. The device according to claim 1, wherein the phosphor 
layer is provided on the semiconductor layer without a 
Substrate being interposed between the phosphor layer and 
the semiconductor layer. 

10. The device according to claim 1, wherein a radiated 
light of the light emitting layer can be output in the first 
direction from the phosphor layer. 

11. The device according to claim 1, further comprising a 
second insulating film provided between the phosphor layer 
and the semiconductor layer in the first direction. 

12. The device according to claim 1, wherein 
the metal film is provided on the major surface of the 

semiconductor layer via the insulating film, and 
the semiconductor layer is provided between the metal 

film and the phosphor layer in the first direction. 
13. The device according to claim 1, wherein 
the p-side interconnection section includes: 

a p-side interconnect layer, and 
a p-side metal pillar, and 

the n-side interconnection section includes: 
a n-side interconnect layer, and 
a n-side metal pillar. 

14. The device according to claim 13, wherein the semi 
conductor layer is between, in the first direction, the p-side 
pillar and the phosphor layer, and between, in the first 
direction, the n-side pillar and the phosphor layer. 

15. The device according to claim 1, wherein the semi 
conductor layer is between, in the first direction, the p-side 
interconnection section and the phosphor layer, and 
between, in the first direction, the n-side interconnection 
section and the phosphor layer. 

16. The device according to claim 1, further comprising a 
resin provided between the p-side interconnection section 
and n-side interconnection section. 

17. The device according to claim 16, wherein the semi 
conductor layer is provided between, in the first direction, 
the resin and the phosphor layer. 
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18. The device according to claim 16, wherein 
the resin is provided on the side surface of the semicon 

ductor layer, and, 
in the second direction, the metal film is between the first 

portion of the phosphor layer and the resin on the side 
Surface of the semiconductor layer. 

19. A semiconductor light emitting device comprising: 
a semiconductor layer including a major Surface, a side 

Surface connected to the major Surface, and a light 
emitting layer; 

a p-side electrode directly contacting the semiconductor 
layer on a major Surface side of the semiconductor 
layer; 

an n-side electrode directly contacting the semiconductor 
layer on the major Surface side of the semiconductor 
layer; 

an insulating film provided on the p-side electrode, the 
n-side electrode and the side surface of the semicon 
ductor layer; 

a p-side interconnection section electrically connected to 
the p-side electrode through a p-side via penetrating 
through the insulating film; 

an n-side interconnection section electrically connected to 
the n-side electrode through an n-side via penetrating 
through the insulating film; 

a phosphor layer including a first portion and a second 
portion, the first portion being between the second 
portion and the semiconductor layer in a first direction, 
the first direction crossing the major surface of the 
semiconductor layer, the second portion covering the 
first portion in the first direction and a portion of the 
second portion extending beyond the first portion in a 
second direction crossing the first direction, a bottom 
Surface of the portion of the second portion being 
connected to a side surface of the first portion, the side 
surface of the first portion being oblique to the bottom 
surface of the portion of the second portion; 

an inorganic insulating film on the side Surface and the 
major Surface of the semiconductor layer, the inorganic 
insulating film extending from the major Surface of the 
semiconductor layer along the side surface of the 
semiconductor layer and the side surface of the first 
portion of the phosphor layer; and 

a metal film provided on the side surface of the semicon 
ductor layer via the inorganic insulating film, and on 
the side surface of the first portion of the phosphor layer 
via the inorganic insulating film, the inorganic insulat 
ing film being between the metal film and the portion 
of the second portion extending beyond the first por 
tion, wherein 

the semiconductor layer is between the p-side electrode 
and the phosphor layer, in the first direction, and 
between the n-side electrode and the phosphor layer in 
the first direction. 

20. The device according to claim 19, wherein the inor 
ganic insulating film has a film thickness of half an emission 
wavelength of the light emitting layer. 

21. The device according to claim 19, wherein the side 
Surface of the semiconductor layer is oblique to the major 
Surface. 

22. The device according to claim 19, wherein the side 
surface of the first portion of the phosphor layer is oblique 
to the major Surface. 

23. The device according to claim 19, wherein the metal 
film is connected integrally with part of the n-side intercon 
nection section. 

24. The device according to claim 19, wherein the metal 
film contains aluminum. 



US 9,444,013 B2 
25 

25. The device according to claim 19, wherein 
unevenness is formed on a Surface of the semiconductor 

layer facing the phosphor layer, and 
an adhesion layer is provided between, in the first direc 

tion, the semiconductor layer and the phosphor layer, 
the adhesion layer having an adhesive force with 
respect to the phosphor layer that is greater than an 
adhesive force between the phosphor layer and the 
semiconductor layer. 

26. The device according to claim 19, wherein the phos 
phor layer is provided on the semiconductor layer without a 
Substrate being interposed between the phosphor layer and 
the semiconductor layer. 

27. The device according to claim 19, wherein a radiated 
light of the light emitting layer can be output in the first 
direction from the phosphor layer. 

28. The device according to claim 19, further comprising 
a second insulating film provided between the phosphor 
layer and the semiconductor layer in the first direction. 

29. The device according to claim 19, wherein 
the metal film is provided on the major surface of the 

semiconductor layer via the inorganic insulating film, 
and 

the semiconductor layer is provided between the metal 
film and the phosphor layer in the first direction. 

30. The device according to claim 19, wherein 
the p-side interconnection section includes: 

a p-side interconnect layer, and 
a p-side metal pillar, and 

the n-side interconnection section includes: 
a n-side interconnect layer, and 
a n-side metal pillar. 

31. The device according to claim 30, wherein the semi 
conductor layer is between, in the first direction, the p-side 
pillar and the phosphor layer, and between, in the first 
direction, the n-side pillar and the phosphor layer. 

32. The device according to claim 19, wherein the semi 
conductor layer is between, in the first direction, the p-side 
interconnection section and the phosphor layer, and 
between, in the first direction, the n-side interconnection 
section and the phosphor layer. 

33. The device according to claim 19, further comprising 
a resin provided between the p-side interconnection section 
and n-side interconnection section. 

34. The device according to claim 33, wherein the semi 
conductor layer is provided between, in the first direction, 
the resin and the phosphor layer. 

35. The device according to claim 33, wherein 
the resin is provided on the side surface of the semicon 

ductor layer, and, 
in the second direction, the metal film is between the first 

portion of the phosphor layer and a portion of the resin 
disposed on the side Surface of the semiconductor layer. 

36. A semiconductor light emitting device, comprising: 
a semiconductor layer including a first semiconductor 

layer, a second semiconductor layer and a light emitting 
layer, the first semiconductor layer having a first Sur 
face, a second Surface opposite to the first Surface, the 
second semiconductor layer having a third surface 
facing the second Surface and a fourth Surface opposite 
to the third surface, the light emitting layer provided 
between the first surface and the fourth surface in a first 
direction crossing the first Surface; 

a p-side electrode contacting the fourth Surface; 
an n-side electrode contacting the second Surface; 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

26 
an insulating film provided on the p-side electrode, the 

n-side electrode and a side surface of the semiconduc 
tor layer; 

a p-side interconnection section electrically connected to 
the p-side electrode through a p-side via penetrating 
through the insulating film; 

an n-side interconnection section electrically connected to 
the n-side electrode through an n-side via penetrating 
through the insulating film; 

a phosphor layer provided on the first Surface, the phos 
phor layer including a first portion and a second por 
tion, the first portion provided on the first surface, the 
second portion provided on the first portion, the first 
portion having a fifth Surface facing the first Surface, 
the first portion having a side Surface continued from 
the fifth surface, and the first portion being between the 
second portion and the first surface in the first direction, 
a width of the second portion in a second direction 
perpendicular to the first direction being greater than a 
width of the first portion in the second direction, a 
bottom surface of a portion of the second portion that 
is extending beyond the first portion in the second 
direction, the bottom surface of the portion being 
connected to the side surface of the first portion, the 
side surface of the first portion being oblique to the 
bottom surface of the portion; and 

a metal film provided on the side surface of the semicon 
ductor layer, via the insulating film, and on the side 
surface of the first portion of the phosphor layer, the 
side surface of the first portion being in direct contact 
with the insulating film, the insulating film being 
between, in the first direction, the metal film and the 
portion of the second portion extending beyond first 
portion. 

37. The device according to claim 36, further comprising 
a second insulating film provided between the phosphor 
layer and the first surface of the first semiconductor layer. 

38. The device according to claim 36, wherein the metal 
film is provided on the second surface of the first semicon 
ductor layer. 

39. The device according to claim 36, wherein the insu 
lating film is between the side surface of the semiconductor 
layer and the metal film and between the side surface of the 
first portion of the phosphor layer and the metal film. 

40. The device according to claim 39, wherein the insu 
lating film has a film thickness of half an emission wave 
length of the light emitting layer. 

41. The device according to claim 36, wherein the side 
surface of the semiconductor layer is oblique to the first 
surface of the first semiconductor layer. 

42. The device according to claim 36, wherein the side 
surface of the first portion of the phosphor layer is oblique 
to the first surface of the first semiconductor layer. 

43. The device according to claim 36, wherein the metal 
film is connected integrally with part of the n-side intercon 
nection section. 

44. The device according to claim 36, wherein the metal 
film contains aluminum. 

45. The device according to claim 36, wherein 
unevenness is formed on the first surface of the first 

semiconductor layer, and 
an adhesion layer is provided between the first surface and 

the phosphor layer, the adhesion layer having an adhe 
sive force with respect to the phosphor layer that is 
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greater than an adhesive force between the phosphor 
layer and the first semiconductor layer. 

k k k k k 

28 


